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METHOD FOR PRODUCING OLIGOSACCHARIDES 



The present invention relates to the microbiological 
production of oligosaccharides of biological interest. 

It is now well-established that oligosaccharides play 
an important biological role especially as regards the 
activity and function of proteins; thus, they serve to 
modulate the half-life of proteins, and occasionally 
they are involved in the structure of the protein. 
Oligosaccharides play an essential role in antigen 
variability (for example blood groups) , and in certain 
bacterial infections such as those caused by Neisseria 
meningitidis . 

As oligosaccharides are usually obtained in a low yield 
by purification starting from natural sources, the 
synthesis of oligosaccharides has become a major 
challenge of carbohydrate chemistry, so as to supply 
sufficient amounts of well-characterized oligosac- 
charides, reguired for fundamental research or for any 
other potential applications (Boons et al. r 1996). 

The synthesis of complex oligosaccharides of biological 
interest may be performed chemically, enzymatically or 
microbiological ly . 

Despite the development of new chemical methods for 
synthesizing oligosaccharides in the course of the last 
20 years, the chemical synthesis of oligosaccharides 
remains very difficult on account of the numerous 
selective protection and deprotection steps, the 
lability of the glycoside linkages, the difficulties in 
obtaining regiospecif ic couplings, and the low 
production yields. As the number of steps increases 
with the size of the oligosaccharide, the preparation 
of large quantities of oligosaccharides longer than 
trisaccharides is no simple matter. Contrary to the 
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experience of peptide synthesis or nucleic acid 
synthesis, traditional synthetic organic chemistry 
cannot at the present time provide a high-quality and 
large-quantity synthesis of oligosaccharides, even of 
5 simple formula. 

Consequently, the enzymatic methods have become more 
popular since they allow a regioselective synthesis 
under mild conditions and without a step for protection 

10 of the hydroxyl groups. The development of the 
enzymatic approach was made possible by the cloning and 
functional identification of numerous genes encoding 
the enzymes involved in the synthetic pathway of 
oligosaccharides. Thus, various types of enzyme may be 

15 used for the in vitro synthesis of oligosaccharides. 
The physiological function of the glycosyl-hydrosylases 
and of the glycosyl-phosphorylases is to depolymerize 
the oligosaccharides, but they may also be used in 
vitro in the synthesis of oligosaccharides by 

20 controlling the reaction equilibrium and kinetics. The 
substrates of the enzymes for these reactions are 
readily available, but these enzymatic reactions are 
not very versatile. Another enzymatic method developed 
uses the glycosyl-transf erases of the Leloir 

25 biochemical pathway, which show strong regiospecif icity 
for the precursor and also for the donor substrate; 
these glycosyl-transf erases are not as readily 
available as the glycosyl-hydrolases . The recombinant 
DNA technique has recently made it possible to clone 

30 and produce a certain number of them. However, the main 
limitation of this enzymatic method lies in the very 
high cost of the sugar-nucleotides that are the sugar 
donors used by these enzymes. 

35 The microbiological route for producing recombinant 
oligosaccharides in vivo is the most appealing of the 
synthetic routes since the bacterium is simultaneously 
responsible for the biosynthesis of the enzymes, the 
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regeneration of the sugar-nucleotides and, finally, the 
production of the oligosaccharide. 

The first descriptions of the microbiological synthesis 
5 of oligosaccharides using recombinant bacteria may be 
considered to a certain extent as the studies which led 
to the elucidation of the pathways for the biosynthesis 
of the nodulation factors; these factors are signal 
molecules secreted by the rhizobia to allow recognition 

10 by leguminous plants in the nodulation process. 
Nodulation factors consist of a chito-oligosacchar ide 
backbone bearing various substitutions. The functional 
identification of the nod genes involved in the 
biosynthesis of the nodulation factors was partly 

15 performed by identifying the oligosaccharides formed in 
vivo in strains of Escherichia coli expressing these 
various nod genes (Geremia et al., 1994; Kamst et al. , 
1995; Spaink et al., 1994; Mergaert et al. , 1995). 
However, the production of oligosaccharides per se was 

20 not the aim of these studies; these products were 
synthesized only in trace amounts and were identified 
only by means of using radioactive precursors. 

On the other hand, it was recently demonstrated in our 
25 laboratory (Samain et al., 1997) that the culturing at 
high cell density of Escherichia coli strains 
containing the node (chito-oligosaccharide synthase) 
gene made it possible to produce large amounts, of 
greater than 2 g/1, of "recombinant" chito-oligosac- 
30 charides. 

However, this technique of microbiological synthesis of 
oligosaccharides remains limited to the production only 
of chito-oligosaccharides, due to the unique property 
35 of nodC (chito-oligosaccharide synthase) of functioning 
without a precursor; specifically, the other enzymes 
glycolyze a specific precursor and their activity is 
thus dependent on the presence of this precursor in the 
cell. The problem of the precursor is thus the main 
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obstacle blocking the development of the method and its 
extension to the production of other types of 
oligosaccharide . 

5 One subject of the present invention is thus a method 
for producing an oligosaccharide of interest by a cell 
starting with at least one exogenous precursor 
internalized by said cell, said precursor being 
involved in the biosynthetic pathway of said 

10 oligosaccharide, said method comprising the steps (i) 
of obtaining a cell that comprises at least one gene 
encoding an enzyme capable of modifying said exogenous 
precursor or one of the intermediates in the 
biosynthetic pathway of said oligosaccharide from said 

15 exogenous precursor necessary for the synthesis of said 
oligosaccharide from said precursor, and also the 
components for expressing said gene in said cell, said 
cell lacking any enzymatic activity liable to degrade 
said oligosaccharide, said precursor and said 

20 intermediates; (ii) of culturing said cell in the 
presence of at least one said exogenous precursor, 
under conditions enabling the internalization of said 
exogenous precursor by said cell and the production of 
said oligosaccharide by said cell. 

25 

According to one particular embodiment, the present 
invention relates to a method as described above, 
characterized in that said cell also comprises at least 
one gene encoding an enzyme capable of modifying an 

30 endogenous precursor involved in the ' biosynthetic 
pathway of said oligosaccharide, said enzyme being 
identical to or different than the enzyme used in the 
method described above, and also to the components for 
expressing said gene in said cell and characterized in 

35 that said cell lacks any enzymatic activity liable to 
degrade said precursor. 

The term "oligosaccharides" is intended to denote 
linear or branched polymers with a variable number of 
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residues, linkages and subunits; the number of residues 
being greater than 1. Oligosaccharides are carbo- 
hydrates that become converted on hydrolysis into 
several monosaccharide molecules; the monosaccharides 
5 being sugars that cannot be converted into a simpler 
substance by hydrolysis. Monosaccharides are subdivided 
into trioses, tetroses, pentoses, hexoses and heptoses 
depending on the number of carbon atoms in their 
hydrocarbon-based chain, and also into aldoses and 

10 ketoses depending on the presence of an aldehyde 
function or a ketone function in their molecule. Among 
the monosaccharides that are most frequently 
encountered, mention may be made of mannose, glucose, 
galactose, N-acetylglucosamine and N-acetyl- 

15 galactosamine . The number of chains of stereoisomeric 
oligosaccharides is extremely large, due to the large 
number of asymmetric carbons in the hydrocarbon-based 
chain . 

20 The expression "exogenous precursor" is intended to 
denote a compound involved in the biosynthetic pathway 
of the oligosaccharide according to the invention that 
is internalized by said cell. The expression 
"endogenous precursor" is intended to denote a compound 

25 involved in the biosynthetic pathway of the 
oligosaccharide according to the invention that is 
naturally present in said cell. 

The method according to the invention is characterized 
30 in that said cell is a cell chosen from bacteria and 
yeasts. According to one preferred embodiment of the 
invention, the bacterium is chosen from the group 
composed of Escherichia coli f Bacillus subtilis , 
Campylobacter pylori, Helicobacter pylori, 

35 Agrobacterium tumefaciens, Staphylococcus aureus, 
Thermophilus aquaticus , Azorhizobium caulinodans , 
Rhizobium leguminosarum , Neisseria gonorrhoeae and 
Neisseria meningitis . According to one preferred 
embodiment of the invention, the bacterium is 
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Escherichia coli. According to another embodiment of 
the invention, the cell is a yeast that is preferably 
Saccharomyces cerevsae , Saccharomyces pombe or Candida 
albicans . The cell according to the invention lacks any 
5 enzymatic activity liable to degrade said 
oligosaccharide, said precursor or said metabolic 
intermediates . 

The nucleic acid sequence encoding the enzyme according 

10 to the invention is either naturally present in said 
cell or is introduced into said cell by the recombinant 
DNA techniques known to those skilled in the art. In 
the present description, the term "nucleic acid" will 
be intended to denote a DNA fragment, which is either 

15 double-stranded or single-stranded, or products of 
transcription of said DNAs, and/or an RNA fragment. 
According to one preferred embodiment, the nucleic acid 
sequence which is introduced into said cell by the 
recombinant DNA techniques and which encode an enzyme 

20 involved in the biosynthetic pathway of the 
oligosaccharide of interest is heterologous. The 
expression "heterologous nucleic acid sequence" is 
intended to denote a nucleic acid sequence that is not 
naturally present in the cell according to the 

25 invention. The heterologous nucleic acid sequence 
according to the invention may originate from any 
animal or plant, eukaryotic or prokaryotic cell type 
and may originate from viruses. 

30 Among the prokaryotic cells from which the heterologous 
nucleic acid sequence originates, mention should be 
made of bacteria and in particular Escherichia coli, 
Bacillus subtilis , Campylobacter pylori f Helicobacter 
pylori f Agrobacterium tumefaciens , Staphylococcus 

35 aureus, Thermophilus aquaticus , Azorhizobium 

caulinodans f Rhizobium leguminosarum , Rhizobium 
meliloti , Neisseria gonorrhoeae and Neisseria 
meningitis . 



Among the unicellular eukaryotic cells from which the 
heterologous nucleic acid sequence originates, mention 
should be made of yeasts and in particular 
Saccharomyces cerevisae , Saccharomyces pombe and 
5 Candida albicans . 

According to one preferred embodiment, the heterologous 
nucleic acid sequence originates from plant or animal 
eukaryotic cells. According to an even more preferred 
10 embodiment, the heterologous nucleic acid sequence 
originates from mammalian cells and preferably from 
human cells. 

According to one preferred embodiment of the invention, 
15 the cell according to the invention is the bacterium 
Escherichia coli and the nucleic acid sequence 
introduced into the bacterium and encoding the enzyme 
according to the invention preferably originates from a 
bacterium chosen from the group mentioned above. 

20 

According to one preferred embodiment of the invention, 
the nucleic acid sequence encoding the enzyme according 
to the invention is introduced into said cell in the 
form of an expression vector. The vector must comprise 

25 a promoter, translation start and stop signals, and 
also regions suitable for regulating transcription. The 
vector must be able to be maintained stably in the cell 
over successive generations and can optionally contain 
particular signals specifying the secretion of the 

30 translated enzyme. These various control signals are 
chosen as a function of the host cell used. To this 
end, the nucleic acid sequences may be inserted into 
autonomous replication vectors within the chosen host 
or into integrative vectors which become integrated 

35 into the genome of the chosen host. Such vectors are 
prepared according to the methods commonly used by 
those skilled in the art, and the clones resulting 
therefrom may be introduced into a suitable host cell 
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by standard methods such as, for example, heat shock or 
electroporation . 

The invention is also directed toward the above cells, 
5 characterized in that they are transformed by at least 
one recombinant isolated nucleic acid encoding the 
enzyme according to the invention or by at least one 
recombinant vector as defined above, 

10 The method according to the invention is characterized 
in that said modification made by said enzyme is chosen 
from glycosylation, sulfatation, acetylation, 

phosphorylation, succinylation, methylation and 

addition of an enolpyruvate group. More particularly, 

15 the method according to the invention is characterized 
in that said enzyme is an enzyme capable of carrying 
out a glycosylation, which is chosen from glycosyl- 
transf erases, glycosyl-hydrolases and glycosyl- 

phosphorylases . According to one preferred embodiment, 

20 the enzyme capable of carrying out the glycosylation is 
a glycosyl-transf erase . According to one preferred 
embodiment, the glycosyl-transf erase according to the 
invention is chosen from (3-1 , 3-N-acetyl-glucosaminyl- 
transferase, £-1, 4-galactosyl-transf erase, a-1, 3- 

25 galactosyl-transferase, a-1, 4-galactosyl-transf erase, a 
-2, 3-sialyl-transf erase, 1' a-1, 3-f ucosyl-transf erase . 
The glycosyl-transf erases used in the present invention 
are capable of stereospecif ic conjugation of specific 
activated saccharide units on a specific acceptor 

30 molecule. The activated saccharides generally consist 
of uridine diphosphate, guanosine diphosphate and 
cytidine diphosphate saccharide derivatives. Thus, the 
activated saccharides may be a UDP-saccharide , a GDP- 
saccharide or a CMP-saccharide . 

35 

Certain genes encoding glycosyl-transf erases used in 
the method according to the invention have been 
described previously; thus, international patent 
application WO 96/10086 describes the standard 
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oligosaccharide synthesis: in a first step, the various 
glycosyl-transf erases are produced in recombinant 
bacteria containing the IgtA, IgtB and lgtC genes of 
Neisseria gonorrhoeae, and, after purifying the 
5 recombinant enzymes thus produced, the oligosaccharides 
are synthesized in vitro in the presence of the 
required precursors and sugar-nucleotides. 

According to certain embodiments of the invention, the 
10 enzyme capable of performing an acetylation is encoded 
by the NodL gene of the bacterium Azorhizobium 
caulinodans . According to another embodiment, the 
enzyme capable of performing a sulfatation is encoded 
by the NodH gene of the bacterium Rhizobium meliloti . 

15 

The method according to the invention is characterized 
in that said cell culturing is preferably performed on 
a carbon-based substrate; according to one particular 
embodiment of the invention, said carbon-based 

20 substrate is chosen from glycerol and glucose. Other 
carbon-based substrates may also be used; mention 
should be made of maltose, starch, cellulose, pectin 
and chitin. According to another embodiment, the cell 
culturing is performed on a substrate composed of amino 

25 acids and/or protein and/or lipids. 

The method according to the invention is characterized 
in that said culturing step is performed under 
conditions allowing the production of a culture with a 

30 high cell density; this culturing step comprises a 
first phase of exponential cell growth ensured by said 
carbon-based substrate, a second phase of cell growth 
limited by said carbon-based substrate which is added 
continuously, and finally a third phase of slowed cell 

35 growth obtained by continuously adding to the culture 
an amount of said substrate that is less than the 
amount of substrate added in step b) so as to increase 
the content of oligosaccharides produced in the high 
cell density culture. 
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The method according to the invention is characterized 
in that the amount of substrate added continuously to 
the cell culture during said phase c) is at least 30% 
5 less, preferentially 50% and preferably 60% less than 
the amount of substrate added continuously during said 
phase b) . The method according to the invention is also 
characterized in that said exogenous precursor is added 
during phase b) . 

10 

According to one embodiment of the invention, the 
method is characterized in that said exogenous 
precursor is of carbohydrate nature, preferably of 
oligosaccharide nature . 

15 

The novelty and feasibility of the method according to 
the invention is based on the use of two modes of 
internalization of the exogenous precursor that do not 
destroy the integrity of the cell or attack its vital 
20 functions. This especially excludes the standard 
techniques of membrane permeabilizat ion with organic 
solvents which block growth and energy metabolism. The 
two possible modes for internalizing the exogenous 
precursor use a passive or active transport mechanism. 

25 

The invention relates firstly to a method that is 
characterized in that said exogenous precursor is 
internalized according to a passive transport 
mechanism. The expression "internalization by passive 

30 transport" is intended to denote the passive diffusion 
of any of the exogenous precursor across the plasma 
membrane, the molecular flow being oriented from the 
zones of highest concentration to the zones of lowest 
concentration so as to tend finally toward a state of 

35 equilibrium. The internalization by passive transport 
consists in using an exogenous precursor that is small 
enough and hydrophobic enough to diffuse passively 
across the membrane. A monosaccharide precursor whose 
anomeric position is blocked with an alkyl substitute 
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constitutes an example of a precursor that may be 
internalized in this manner. The present invention thus 
relates to a method that is characterized in that said 
exogenous precursor is a monosaccharide whose anomeric 
5 carbon is linked to an alkyl group; preferably, said 
alkyl group is an allyl group. One of the objects of 
the invention is thus to provide a method for producing 
oligosaccharides that contain a f unctionalizable group 
such as the allyl group and that can consequently be 

10 used as precursors for the chemical synthesis of 
glycocon j ugates (neoglycoprotein or neoglycolipids ) or 
glycopolymers • The reason for this is that the double 
bond of the allyl group is able to be opened by 
ozonolysis to form an aldehyde and to allow the 

15 oligosaccharide to conjugate onto a protein by 
reductive amination (Roy et al. , 1997). Another route 
is the addition of cysteamine (Lee and Lee, 1974, Roy 
et al., 1997) to the allylic double bond to form an 
amine end group which may react, for example, with the 

20 carboxylic groups of proteins. 

According to one particular embodiment, the method 
according to the invention concerns the production of 
([3-D-Gal- [l->4] -(3-D-GlcNac-l^O-allyl) ; the method is 

25 characterized in that said cell is a bacterium of LacZ~ 
genotype, said enzyme is J3 — 1 , 4-galactosyl-transf erase, 
said substrate is glycerol and said precursor is allyl- 
N-acetyl-p-D-glucosaminide ( p-D-GlcNac-l->0-allyl ) . 

Finally, according to another particular embodiment, 

30 the method according to the invention is characterized 
in that the double bond of the allyl group of said ((J- 
D-Gal- [l->4] -(5-D-GlcNac-l^O-allyl) is chemically 

modified by addition, oxidation or ozonolysis 
reactions . 

35 

The present invention also relates to a method that is 
characterized in that said precursor is internalized 
according to an active transport mechanism. The 
expression "internalization by active transport" is 
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intended to denote the ability of cells and preferably 
of bacteria to selectively admit and concentrate 
certain exogenous substances or precursors into their 
cytoplasm. This transport is performed by transporters 
5 of protein nature known as permeases, which act as 
enzymes; permeases are inducible catalysts, that is to 
say catalysts that are synthesized in the presence of 
the substrate or the precursor. According to one 
particular embodiment of the invention, lactose and p- 

10 galactosides constitute precursors that are actively 
transported into the cytoplasm of the bacterium 
Escherichia coli by lactose permease, also known as 
galactoside permease. The invention thus relates to a 
method according to the invention that is characterized 

15 in that said active transport of said precursor is 
performed by lactose permease. Lactose permease has 
fairly broad specificity, which allows it to transport 
molecules other than lactose. 

20 The reason for this is that it is capable of 
transporting various natural or synthetic (5- 
galactosides, a-galactosides and sucrose. One of the 
objects of the invention is thus to provide, according 
to a preferred embodiment, a method that is 

25 characterized in that said precursor is lactose, which 
constitutes the base moiety for a great many 
biologically active oligosaccharides. It is also within 
the scope of the invention to provide a method that is 
characterized in that said precursor is chosen from the 

30 group composed of: (i) natural or synthetic (5- 
gal act os ides, preferably from 4-O-p-D-galactopyranosyl- 
D-f ructof uranose (lactulose) , 3-O-p-D-galactopyranosyl- 
D-arabinose and allyl-p-D-galactopyranoside, (ii) a- 
galactosides, preferably melibiose and raffinose, (iii) 

35 sucrose. 



The specificity of lactose permease may even be 
modified by mutation and allow the transport of other 
compounds such as maltose and cellobiose. All these 
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compounds may thus be used as precursors for the 
synthesis of oligosaccharides. It is also within the 
scope of the invention to use as precursors lactose 
analogs containing a chemically reactive group for a 
5 subsequent f unct ionalization of the product; 
preferably, one of these analogs is allyl-0-D- 
galactopyranoside . It is also within the scope of this 
invention to use other permeases possibly modified by 
recombinant DNA techniques to allow the internalization 
10 of different types of precursor. 

The 0-galactosides are normally hydrolyzed in the 
cytoplasm of the bacterium by the (3-galactosidase 
encoded by the LacZ gene. In order to overcome this 

15 problem, a lacZ" bacterial mutant lacking (3- 
galactosidase activity is used when the precursor used 
is lactose and/or a p-galactoside . One of the objects 
of the invention is thus also to provide the method 
according to the invention that is characterized in 

20 that said cell lacks enzymatic activity liable to 
degrade said precursor or said metabolic intermediates. 

In the method according to the invention, said cell may 
be lacking in enzymatic activity liable to degrade said 
25 precursor (s) . 

According to one preferred embodiment, the method is 
characterized in that said cell has a genotype chosen 
from LacZ~ . 

30 

According to another aspect of the invention, the 
method is characterized in that it also comprises the 
addition of an inducer to said culture medium to induce 
the expression in said cell of said enzyme and/or of a 
35 protein involved in said active transport; according to 
one preferred embodiment, the method according to the 
invention is characterized in that said inducer is 
isopropyl p-D-thiogalactoside (IPTG) and said protein 
is lactose permease. 
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The invention makes it possible for the first time to 
produce complex oligosaccharides in yields of the order 
of one gram per liter. Depending on its size, the 
5 oligosaccharide either accumulates in the bacterial 
cytoplasm or is secreted into the culture medium. Thus, 
according to one preferred embodiment, the method 
according to the invention is used for the production 
of the trisaccharide 4-0- [3-0- (2-acetamido-2-deoxy-p-D- 

10 glucopyranosyl ) -p-D-galactopyranosyl ] -D-glucopyranose, 

(p-D-GlcNac- [l->3] -p-D-Gal- [1^4] -D-Glc) ; it is charac- 
terized in that said cell is a bacterium of LacZ~ , LacY* 
genotype, said enzyme is p-1 , 3-N-acetyl-glucosaminyl- 
transferase, said substrate is glycerol, said inducer 

15 is isopropyl p-D-thiogalactoside (IPTG) and said 
precursor is lactose. 

According to a second preferred embodiment, the method 
according to the invention is used for the production 

20 of lacto-N-neo-tetraose and polylactosamine; it is 
characterized in that said cell is a bacterium of 
LacZ~ , LacY* genotype, said enzymes are p-1 , 3-N-acetyl- 
glucosaminyl-transf erase and p-1, 4-galactosyl- 

transferase, said substrate is glucose, said inducer is 

25 isopropyl-p-D-thiogalactoside (IPTG) and said precursor 
is lactose. 

According to a third preferred embodiment, the method 
according to the invention is used for the production 

30 of allyl 3-0- ( 2-acetamido-2-deoxy-p-D-glucopyranosyl ) - 
p-D-galactopyranoside, (p-D-GlcNac- [1">3] -0-D-Gal-l->O- 
allyl); it is characterized in that said cell is a 
bacterium of LacZ~ , LacY* genotype, said enzyme is (3- 
1, 3-N-acetyl-glucosaminyl-transf erase, said substrate 

35 is glycerol, said inducer is isopropyl p-D- 
thiogalactoside (IPTG) and said precursor is allyl-p-D- 
galactopyranoside . 
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According to a fourth preferred embodiment, the method 
according to the invention is used for the production 
of analogs of lacto-N-neo-tetraose and of 
polylactosamines in which the glucose residue is 
5 replaced with an allyl group; it is characterized in 
that said cell is a bacterium of LacZ' , LacY* genotype, 
said enzymes are [3-1 , 3-N-acetyl-glucosaminyl- 

transferase and (5-1 , 4-galactosyl-transf erase, said 
substrate is glucose, said inducer is isopropyl (3-D- 
10 thiogalactoside (IPTG) and said precursor is allyl-(3-D- 
galactopyranoside . 

According to a fifth preferred embodiment, the method 
according to the invention is used for the production 

15 of allyl-p-D-lactosamine ( p-D-Gal- [l->4] -p-D-GlcNac- 
l->0-allyl) ; it is characterized in that said cell is a 
bacterium of LacZ~ , LacY* genotype, said enzyme is £- 
1 , 4-galactosyl-transf erase , said substrate is glycerol 
and said precursor is allyl-N-acetyl (B-D-glucosaminide 

20 (P-D-GlcNac-[l-»0-allyl] ) . 

The invention also relates to a method that makes it 
possible to envisage the production of a large number 
of different oligosaccharides obtained by glycosylation 

25 of lactose. Specifically, besides the genes IgtA and 
IgtB which respectively encode p-1 , 3-N-acetyl- 
glucosaminyl-transf erase and P-l, 4-galactosyl- 

transferase, several genes of bacterial glycosyl- 
transferases using lactose as precursor have recently 

30 been cloned. These are IgtC (0-1 , 4-galactosyl- 
transferase) and Lst (ct-2 , 3-sialyl-transf erase ) 
(Gilbert et al., 1997). Using these genes in a method 
according to the invention makes it possible to produce 
molecules such as globotriose (P k blood antigen) and 

35 sialyl-lactose . Moreover coexpression of the IgtA and 
IgtB genes with the gene for a-1 , 3-fucosyl-transf erase 
from Helicobacter pylori (Martin et al., 1997) 
according to a method according to the invention makes 
it possible to obtain Lewis x pentasaccharide. The 
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addition of the Lst (a-2 , 3-sialyl-transf erase ) gene 
gives access to the sialyl Lewis x hexasaccharide. 

The method according to the invention also makes it 
5 possible to obtain a large number of different 
oligosaccharides obtained by glycosylation of exogenous 
precursors other than lactose and transported by 
lactose permease or by other permeases. 

10 The method according to the invention makes it possible 
to obtain a large number of different oligosaccharides 
obtained by in vivo modification ( sulf atation, 
acetyl at ion, phosphorylation, succinylation, 

methylation, addition of an enolpyruvate group) of 

15 precursors. The synthesis of certain oligosaccharides 
may necessitate the modification of endogenous 
precursors, in addition to the modification of 
exogenous precursors. Thus, it may be envisaged to 
introduce into a K12 Escherichia coli bacterium the 

20 gene for the enzyme involved in the metabolism of an 
endogenous precursor to allow the production of certain 
sugar-nucleotides such as , for example, CMP- sialic 
acid, UDP-GalNAc or GDP-fucose, which are not normally 
produced by this bacterial strain, so as to achieve the 

25 synthesis of an oligosaccharide of interest. For 
example, UDP-GalNAc may be produced from UDP-GlcNAc if 
the epimerase gene is introduced into a cell according 
to the invention . 

30 Contrary to the enzymatic method for the in vitro 
synthesis of oligosaccharides, which requires the use 
of very expensive molecules such as ATP, acetyl-CoA, 
PAPS (adenosine 3' -phosphate 5' -phosphosulf ate) or 
phospho-enolpyruvate, one of the advantages of the 

35 present invention lies in the fact that these molecules 
are naturally recycled into the cell, thus making it 
possible to reduce the production costs of the 
oligosaccharides . 
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Another object of the invention is to provide a method 
for producing oligosaccharides that are labeled with or 
enriched in radioisotopes; such oligosaccharides are 
5 extremely precious for fundamental biological or 
conformational analysis studies. The invention thus 
relates to a method for producing an oligosaccharide 
that is labeled with at least one radioisotope , 
characterized in that said cell is cultured on said 
10 carbon-based substrate labeled with said radioisotope 
and/or in the presence of a said precursor labeled with 
said radioisotope. The radioisotopes are preferably 
chosen from the group composed of: 14 C, 13 C, 3 H, 35 S, 32 P, 
33 P. 

15 

The invention also relates to an oligosaccharide which 
may be obtained by a method according to the invention. 

According to one particular embodiment, the invention 
20 relates to an activated oligosaccharide that may be 
used for the chemical synthesis of glycocon j ugates or 
glycopolymers that may be obtained by a method as 
described above, said oligosaccharide being 

characterized in that the double bond of the allyl 
25 group is chemically modified by addition, oxidation or 
ozonolysis reactions . 

The oligosaccharide according to the invention is 
useful in a wide range of therapeutic and diagnostic 

30 applications; it may be used, for example, as an agent 
for blocking cell surface receptors in the treatment of 
a host of diseases involving cellular adhesion, or may 
be used as nutritional supplements, antibacterial 
agents, anti-metastatic agents and anti-inflammatory 

35 agents. The invention thus relates to an 
oligosaccharide according to the invention as a 
medicinal product, and especially as a medicinal 
product intended for selectively preventing the 
adhesion of biological molecules. The oligosaccharide 
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according to the invention is also used as a medicinal 
product intended for treating cancer, inflammation, 
heart diseases, diabetes, bacterial infections, viral 
infections and neurological diseases and as a medicinal 
5 product intended for grafts. The invention also relates 
to a pharmaceutical composition, characterized in that 
it - comprises an oligosaccharide according to the 
invention and a pharmaceutically acceptable vehicle. 

10 Finally, the invention also relates to the agricultural 
and agronomic use of an oligosaccharide according to 
the invention, especially for the growth and defense of 
plants. Specifically, oligosaccharides play a 
predominant role in Rhizobium/leguminous plant 

15 symbiosis. Indeed, certain oligosaccharides originating 
from the hydrolysis of fungal or plant glycoproteins or 
walls can act as plant hormones or as elicitors of 
defense reactions in plants. 

20 The industrial advantage of the method according to the 
invention is obvious since it makes it possible for the 
first time to achieve a production of the order of a 
kilogram of complex oligosaccharides of biological 
interest. All the oligosaccharides of biological 

25 interest that we envisage synthesizing at the 
industrial scale are currently available only at the mg 
scale and at extremely high costs (up to 1 million FFr 
per gram) ; the cost price of these compounds produced 
by the present microbiological route are infinitely 

30 lower. 

The characteristics and advantages of the present 
invention will be demonstrated more clearly on reading 
the examples and figures which follow, the keys to 
35 which are represented below. 

FIGURES 
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Figure 1 : Principle of the method for producing the 
trisaccharide 4-0- [3-0- ( 2 -acetamido-2 -deoxy- p -D-gluco - 
pyranosyl) -p-D-galactopyranosyl] -D-glucopyranose , (p-D- 
GlcNAc- [1^3] -p-D-Gal- [1^4] -D-Glc) 

5 

Lactose ( (3-D-Gal- [ 1-4 ] -(3-D-Glc) is transported into the 
cell by lactose permease (Lac permease) . The lactose 
cannot be hydrolyzed in the cell since the strain is a 
LacZ~ mutant. Expression of the IgtA gene allows the 
10 production of the LgtA enzyme which transfers a GlcNAc 
from UDP-GlcNAc onto a lactose molecule. The 
trisaccharide formed ((3-D-GlcNAc- [1-3] -p-D-Gal- [1-4] -D- 
Glc) is excreted into the medium. 

15 Figure 2: High cell density culturing of the control 
strain JM 109 and of the strain JM 109 (pCWlgtA) 
containing the glycosyl transferase gene LgtA 

Lactose is added continuously and the residual lactose 
20 is determined enzymat ically . The concentration of 
hydrolyzable GlcNAc in the culture medium is measured 
colorimetrically after acid hydrolysis. The added 
lactose represents the total cumulative amount of 
lactose which was added continuously. 

25 

Figure 3: Mass spectrum in FAB + mode of the 
trisaccharide 4-0- [3-0- (2 -acetamido-2 -deoxy- p -D-gluco - 
pyranosyl) -p-D-galactopyranosyl] -D-glucopyranose , (p-D- 
GlcNAc- [l->3] -p-D-Gal- [1">4] -D-Glc) purified from the 
30 culture supernatant of the strain JM 109 (IgtA) 

The two quasi-molecular ions [M+H] + and [M+Na] + are 
observed at m/z 546 and 568. An ion [M+H] + at m/z 442 
is also observed, which is due to the presence of p-D- 
35 GlcNAc- [1-3] -IPTG. This indicates that the IPTG 
(isopropyl p-D-thiogalactose ) used to induce Lac 
permease and LgtA is also glycosylated. 
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Figure 4: Proton NMR spectrum of the trisaccharide 4-0- 
[3-0- (2-acetamido-2-deoxy-p-D-glucopyranosyl) -p-D- 
galac topyranosyl ] -D-glucopyranose , (p-D-GlcNAc- [l->3] - 
p-D-Gal-[l-»4]-D-Glc) at 323° K 

5 

The signal at 1.4 ppm is due to the protons of the 
isopropyl group of the glycosylated IPTG derivative. 

Figure 5: 13 C NMR spectrum of the trisaccharide 4-0-[3- 
10 O- (2-acetamido-2-deoxy-p-D-glucopyranosyl) -p-D- 

galac topyranosyl] -D-glucopyranose , (p-D-GlcNAc- [l->3] - 
P-D-Gal- [1^4] -D-Glc) 

Figure 6 : Principle of the method for producing lacto- 
15 N-neo-tetraose ( p-D-Gal- [1-4] -p-D-GlcNAc- [1-3] -p-D-Gal - 
[1-4] -p-D-Glc) 

Lactose ( p-D-Gal- [ 1-4 ] -|3-D-Glc) is transported into the 
cell by Lac permease. The lactose cannot be hydrolyzed 

20 in the cell since the strain is a LacZ' mutant. 
Expression of the lgtA gene allows the production of 
the LgtA enzyme which transfers a GlcNAc from UDP- 
GlcNAc onto a lactose molecule. The trisaccharide 
formed is then used as a precursor by LgtB which 

25 transfers a galactose molecule from UDP-Gal to form 
lacto-N-neo-tetraose (p-D-Gal- [1-4] -p-D-GlcNAc- [1-3] -p- 
D-Gal- [1-4] -p-D-Glc) . 

Figure 7 : High cell density culturing of the strain JM 
30 109 (pCWlgtA, pBBlgtB) 

Culturing in the presence of lactose at high 
concentration (5 g.l -1 ) and at low concentration 
(1 g.l" 1 ) . 

35 

Figure 8 : Separation on Biogel P4 of the 
oligosaccharides produced by the strain JM 109 
(pCWlgtA, pBBlgtB) in the presence of lactose at an 
initial concentration of 5 g.l" 1 (A) or of 1 g.l" 1 (B) 
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The peaks 1, 2, 3 and 4 correspond, respectively, to 
lacto-N-neo-tetraose, lacto-N-neo-hexaose, lacto-N-neo- 
octaose and lacto-N-neo-decaose . 

5 

EXAMPLES 

Example 1 : Materials and methods 

10 1.1. Origin of the plasmids and bacterial strains 

The strain JM 109 of Escherichia coli K12 (Yannisch- 
Perron et al., 1984) was used as host cells for all the 
oligosaccharide production examples described. The 
15 strain was obtained from the DSM (Deutsche Sammlung von 
Mikroorganismen) . The genotype of the strain is as 
follows: F traD36 lacl q A(lacZ)M15 proA + B + /el4~ (McrA~ ) 
A(lac-proAB) supE44 recAl endAl gyrA96 (Nal r ) thi 
hsdR17 relAl. 

20 

The lgtA and IgtB genes of Neisseria meningitis MC58 
were supplied by Dr W. Wakarchuk (Institute for 
Biological Sciences, National Research Council of 
Canada, 100 Sussex Drive, Ottawa, Ontario, K1A OR6, 

25 Canada) in the form of two plasmids pCW, one containing 
the lgtA gene (referred to herein as pCWlgtA) and the 
other containing the IgtB gene (referred to herein as 
pCWlgtB) . The sequences of these two genes are 
available from the GenBank databank under the number 

30 U25839. The plasmid pLitmus28 was purchased from the 
company New Englands Biolabs. The plasmid pBBRlMCS was 
supplied by Dr M. Kovach (Department of Microbiology 
and Immunology, Louisiana State University, Shreveport, 
LA 71130-3932, USA) . 

35 

1.2. Subclonings 



We used the standard techniques of molecular biology 
described by Sambrook et al. (1989) . 
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The 0.835-kb DNA fragment containing the IgtB gene 
was obtained by digestion of the plasmid pCWlgtB with 
BamHI and Hindi I I . This fragment was subcloned into the 
vector pLitmus28 predigested with BamHI and Hindi I I to 
5 form the plasmid pLitlgtB. The 0.9-kb fragment 
containing the IgtB gene was excised from the plasmid 
pLitlgtB by digestion with Xhol and Hindlll and 
subcloned into the plasmid pBBRlMCS predigested with 
Xhol and Hindlll to form the plasmid pBBlgtB. 

10 

1.3. Culture conditions 

The routine cultures and the preparation of the inocula 
were performed on LB medium (Sambrook et al., 1989). 

15 The high cell density cultures were prepared in a 2- 
liter fermenter containing an initial volume of 1 liter 
of medium having the following composition: glycerol 
(17.5 g.l* 1 ) or glucose (15 g.l" 1 ), NH 4 H 2 P0 4 (7 g.l" 1 ), 
KH 2 P0 4 (7 g.l" 1 ), MgS0 4 -7H 2 0 (1 g.l" 1 ), thiamine HC1 

20 (4.5 mg.l -1 ), solution of trace elements (7.5 ml.l" 1 ), 
citric acid (0.5 g.l" 1 ), KOH (2 g.l" 1 ). The MgS0 4 is 
autoclaved separately and the thiamine is sterilized by 
filtration. The solution of trace elements contains: 
nitrilotriacetate (70 mM, pH 6.5), ferric citrate 

25 (7.5 g.l" 1 ), MnCl 2 -4H 2 0 (1.3 g.l" 1 ), CoCl 2 -6H 2 0 

(0.21 g.l" 1 ), CuCl 2 -2H 2 0 (0.13 g.l" 1 ), H3BO3 (0.25 g.l" 1 ), 
ZnS0 4 -7H 2 0 (1.2 g.l" 1 ), Na 2 Mo0 4 -2H 2 0 (0.15 g.l" 1 ). The 
antibiotics ampicillin (50 mg.l" 1 ) and chloramphenicol 
(25 mg.l" 1 ) are added to ensure the presence of the 

30 various plasmids. The feed solution contains glycerol 
(500 g.l" 1 ) or glucose (400 g.l" 1 ), MgS0 4 -7H 2 0 (12 g.l" 1 ) 
and the solution of trace elements (25 ml.l" 1 ). 

The high cell density cultures are inoculated at 2%. 
35 Throughout the culturing, the dissolved oxygen content 
is maintained at 20% of saturation by manually 
controlling the flow rate of air and by automatically 
adjusting the stirring speed. The pH is automatically 
maintained at 6.8 by addition of aqueous ammonia (15% 
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w/v) . The temperature is maintained at 34 °C for the 
strain JM 109(pCWlgtA) and at 28°C for the strain JM 
109(pCWlgtA, pBBlgtB) . The high-density culture 
strategy generally comprises three phases: a first 
5 phase of exponential growth which is ensured by the 
carbon-based substrate (glycerol or glucose) initially 
present in the medium; a second phase which starts when 
the growth becomes limited by the carbon source, which 
is then added continuously at a rate of 4.5 g.h' 1 .!* 1 of 
10 glycerol or 3.6 g.h -1 .! -1 of glucose. In a third phase, 
this rate is reduced by 60% to slow down the growth, so 
as to increase the oligosaccharide content. 

1.4. Assay of the oligosaccharides 

15 

Samples (1 ml) are taken during the culturing and are 
immediately centrifuged in microtubes. The supernatant 
is retained to assay the extracellular oligosacchar- 
ides. The bacterial pellet is resuspended in 1 ml of 
20 water and is then incubated in a water bath at 100°C 
for 30 minutes to rupture the cells. After a second 
centrif ugation, the supernatant is retained to assay 
the intracellular oligosaccharides . 

25 The lactose concentration is measured using an 
enzymatic determination kit (Roche diagnostic) . The N- 
acetyl-glucosamine residues present in the 

oligosaccharides are freed by acid hydrolysis as 
described previously (Samain et al., 1997) and then 

30 quantified colorimetrically by the method of Reissig et 
al. , (1955); in the description, the term "hydroly zable 
GlcNAc" means the amount of GlcNAc assayed in this way. 

1.5. Purification of the oligosaccharides 

35 

At the end of the culturing, the bacterial cells are 
harvested by centrif ugation . The supernatant is 
retained for purification of the extracellular 
oligosaccharides. The bacterial cells are resuspended 
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in 1 liter of water and are then permeabilized by means 
of a heat treatment (30 minutes at 100°C) to release 
the intracellular oligosaccharides. After a second 
centrif ugation, these oligosaccharides are recovered in 
5 the supernatant. 

The first and the second supernatant containing the 
extracellular and intracellular oligosaccharides, 
respectively, are adsorbed onto active charcoal (100 g 
10 per liter of supernatant) . After rinsing with distilled 
water, the oligosaccharides are diluted with 50% (v/v) 
ethanol, concentrated by evaporation and f reeze-dried . 

The oligosaccharides are separated out by steric 
15 exclusion chromatography on a column (4.5 cm * 95 cm) 
of Biogel P4, allowing the injection of about 300 mg of 
oligosaccharide mixture. The elution is performed with 
distilled water, at a flow rate of 40 ml.h -1 . 

20 1.6. Preparation of the allyl [3-D-glucosides 

Allyl p-D-galactopyranoside and allyl-N-acetyl-|3-D- 
glucosaminide were synthesized according to the 
protocol described by Lee and Lee (1974). 

25 

1.7. Identification and structural characterization of 
the oligosaccharides 

The mass spectra were acquired using a mass 
30 spectrometer (Nermag R-1010C) . For each experiment, the 
initial matrix volume is 4 pi. The products were 
analyzed in FAB + mode. 

The NMR spectra were obtained using a Brucker AC300 
35 spectrometer. 

Example 2: production of the trisaccharide 4-0-[3-0-(2- 
acetamido-2 -deoxy- 0 -D-glucopyranosyl ) - £ -D- 
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galactopyranosyl] -D-glucopyranose, (p-D-GlcNAc- [l->3] - 
p-D-Gal- [1-^4] -D-Glc) 

The principle is illustrated by Figure 1. We used the 
5 strain JM 109 of Escherichia coli K12 , into which we 
introduced the plasmid pCWlgtA lgtA gene. The strain JM 
109 is lacZ~ f that is to say that it is incapable of 
hydrolyzing lactose. On the other hand, it is lacY* , 
which means that it can synthesize lactose permease. 
10 The lgtA gene encodes a p-1 , 3-N-acetyl-glucosaminyl- 
transferase (LgtA) , which transfers an N-acetyl- 
glucosamine unit onto the galactose of lactose. 

The strain JM 109 (pCWlgtA) and also the JM 109 control 

15 strain were cultured at high cell density (Samain et 
al., 1997) on glycerol as the carbon and energy 
sources. After the first phase of exponential growth 
provided by the glycerol initially present in the 
medium (17.5 g/1), the growth becomes limited by the 

20 glycerol, which is then added continuously at a rate of 
4.5 g.h" 1 .!" 1 . During this second culturing phase, 
90 mg.h" 1 .! -1 of lactose are introduced continuously. 
IPTG (isopropyl-(3-D-thiogalactoside) (0.5 mM) is also 
injected at the start of this phase to induce the 

25 expression of the lactose permease and of the (3-1, 3-N- 
acetyl-glucosaminyl-transf erase . As described in Figure 
2, the added lactose is virtually not accumulated in 
the medium, indicating that the lactose is indeed 
internalized by the bacterial cells. A large 

30 accumulation in the culture medium of a compound 
containing N-acetylglucosamine (hydrolyzable GlcNAc) is 
observed with the strain JM 109 (pCWlgtA) . The amount 
of hydrolyzable GlcNAc (3.8 mmol/1) produced 
corresponds almost stoichiometrically to the amount of 

35 lactose consumed (3.5 mmol/1), suggesting that all of 
the lactose internalized has been glycosylated by LgtA. 

At the end of the culturing, the cells are removed by 
centrif ugation and the oligosaccharides present in the 
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supernatant are purified by adsorption onto active 
charcoal and elution with ethanol. The oligosaccharides 
present are then separated out according to their 
molecular weight, on a Biogel P4 column. A single 
5 predominant compound is found. The mass spectrometry 
and NMR data indicate that this compound is indeed the 
trisaccharide (p-D-GlcNAc- [l->3] -p-D-Gal - [1">4] -0-D-Glc) 
formed by the addition of a GlcNAc residue to a lactose 
molecule. Indeed, the mass spectrum in FAB + mode shows 

10 the presence of a quasi-molecular ion [M+H] + at m/z 546 
(Figure 3). The X H NMR spectrum confirms the 
trisaccharide structure, the presence of an acetyl 
group and the p configuration of the two O-glycoside 
linkages (Figure 4). The 13 C NMR spectrum also specifies 

15 that the linkage between the GlcNAc and the galactose 
is indeed of 1,3 type (Figure 5). 

Example 3 : Production of lacto-N-neo-tetraose and of 
polylactosamine 

20 

The principle is described in Figure 6. The strain of 
E. coli JM 109 was cotransf ormed with the two plasmids 
pCWlgtA and pBBlgtB bearing, respectively, the genes 
lgtA (used previously) and lgtB (encoding a (3-1,4- 

25 galactosyl-transferase known as LgtB) . The strain JM 
109 (pCWlgtA, pBBlgtB) was cultured at high cell 
density using glucose as the growth substrate. At the 
start of the second phase, lactose is added at high 
concentration (5 g.l -1 ) or at low concentration 

30 (1 g.l" 1 ) and 0.1 mM IPTG is added. Contrary to what was 
observed with the strain JM 109 (pCWlgtA) , only a weak 
release of hydrolyzable GlcNAc into the medium is 
detected during the culturing of this strain. On the 
other hand, hydrolyzable GlcNAc is found in large 

35 amount in the bacterium (Figure 7). When the supply of 
lactose is 1 g.l" 1 , complete internalization of the 
lactose (2.9 mmol.l" 1 ) and a total production of bound 
GlcNAc of 1.45 g.l^ 1 (6.5 mmol.l" 1 ), i.e. the 
incorporation of more than 2 GlcNAc molecules per 
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acceptor lactose molecule, are observed. When the 
lactose is added in high concentration, the 
internalization is incomplete (3 g.l -1 , i.e. 

8.7 mmol.l -1 ) with a production of GlcNAc also of about 
5 6.5 mmol.l" 1 . In this case, the GlcNAc/lactose molar 
ratio is close to 1, which is coherent with the 
synthesis of lacto-N-neo-tetraose . 

The purification of the intracellular oligosaccharide 
10 fraction made it possible to obtain several main 
compounds that are well separated by chromatography on 
Biogel P4 . The mass spectrometry and NMR data indicate 
that these compounds correspond to the following 
structures: lacto-N-neo-tetraose [M+H] + = 708; lacto-N- 
15 neo-hexaose [M+H] + = 708; lacto-N-neo-octaose [M+Na] + = 
14 60 and probably lacto-N-neo-decaose . The respective 
proportions of these various compounds depend on the 
amount of lactose added. Thus, with 5 g.l -1 of lactose, 
the major product is lacto-N-neo-tetraose (Figure 8A) . 
20 On the other hand, a lower supply of lactose (1 g.l" 1 ) 
promotes the formation of compounds with a higher 
degree of polymerization, lacto-N-neo-octaose becoming 
the major product (Figure 8B) . 

25 The formation of higher polylactosamine homologs of 
lacto-N-neo-tetraose is explained by the fact that LgtA 
is capable of using lacto-N-neo-tetraose to form an 
intermediate pentasaccharide that is glycosylated by 
LgtB to give lacto-N-neo-hexaose . The latter compound 

30 is itself the precursor for a new glycosylation cycle 
resulting in the formation of lacto-N-neo-octaose, and 
so on upto lacto-N-neo-decaose. 

No significant formation of oligosaccharides with an 
35 odd number of residues and bearing a galactose in a 
nonreducing end position is observed. This indicates 
that the elongation of the molecules is limited by the 
incorporation of GlcNAc by LgtA rather than by the 
galactosylation catalyzed by LgtB. 
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Example 4: Production of allyl 3-0- (2-acetamido-2- 
deoxy- p -D -glucopy r anosyl ) - p -D-galactopyranoside , ( p -D- 
GlcNAc- [1~>3] -p-D-Gal-l-^O-allyl) 

5 

The strain JM 109(pCWlgtA) was cultured at high cell 
density on glycerol. At the start of the second phase 
of culturing, 0,75 g.l -1 of allyl-p-D-galactopyranoside 
and 0.1 mM of IPTG are added. A total internalization 

10 of the allyl-(3-D-galactopyranoside is observed after 
9 hours, with a stoichiometric appearance of 
hydrolyzable GlcNAc in the extracellular medium. The 
oligosaccharides present in the extracellular medium 
are purified as in Example 2. The mass spectrum in FAB + 

15 mode of the major product obtained shows the presence 
of a quasi-molecular ion [M+H] + at m/z 424 
corresponding to the structure (3-D-GlcNAc- [ l->3 ] -p-D- 
Gal-A^O-allyl. 

20 Example 5: Production of p-D-Gal- [1~>4] -p-D-GlcNAc-l->0- 
allyl 

The strain JM 109 (pBBlgtB) was cultured at high cell 
density on glycerol. At the start of the second phase 

25 of culturing, 0.5 g.l -1 of allyl-N-acetyl-p-D- 
glucosaminide ( (3-D-GlcNAc-l->0-allyl ) is added. An 
approximately 30% reduction in the amount of 
extracellular hydrolyzable GlcNAc is observed in the 
first five hours, which demonstrates a partial 

30 internalization of allyl-N-acetyl-p-D-glucosaminide . In 
parallel, an almost stoichiometric intracellular 
production of hydrolyzable GlcNAc and of (3-linked 
galactose residues (hydrolyzable with p-galactosidase ) 
is observed. These results demonstrate that 30% of the 

35 allyl-N-acetyl-p-D-glucosaminide initially added has 
been galactosylated by the activity encoded by the IgtB 
gene. After purification, the structure of the expected 
compound (p-D-Gal- [1^4] -p-D-GlcNAc-l^O-allyl ) was 
confirmed by mass spectrometry and NMR. 
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CLAIMS 



A method for producing an oligosaccharide of 
interest by a cell starting with at least one 
exogenous precursor, said precursor being involved 
in the biosynthetic pathway of said 
oligosaccharide, said method comprising the steps 
of: 

(i) obtaining a cell that 

• comprises at least one gene encoding an enzyme 
capable of modifying said exogenous precursor or 
one of the intermediates in the biosynthetic 
pathway of said oligosaccharide from said 
exogenous precursor necessary for the synthesis 
of said oligosaccharide from said precursor, and 
also the components for expressing said gene in 
said cell, 

• lacks any enzymatic activity liable to degrade 
said oligosaccharide, said precursor and said 
intermediates ; 

(ii) culturing said cell in the presence of at 
least one said exogenous precursor, under 
conditions enabling the internalization of 
said exogenous precursor by said cell and 
the production of said oligosaccharide by 
said cell. 

The method as claimed in claim 1, characterized in 
that said cell also comprises at least one gene 
encoding an enzyme capable of modifying an 
endogenous precursor involved in the biosynthetic 
pathway of said oligosaccharide, said enzyme being 
identical to or different than the enzyme used in 
the method described above, and also to the 
components for expressing said gene in said cell 
and characterized in that said cell lacks any 
enzymatic activity liable to degrade said 
precursor . 
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The method as claimed in claim 1 or 2, 
characterized in that said cell is a cell chosen 
from bacteria and yeasts. 

The method as claimed in claim 3, characterized in 
that the cell is a bacterium, preferably of 
Escherichia coli type. 

The method as claimed in one of claims 1 to 4, 
characterized in that said modification is chosen 
from glycosylat ion, sulfatation, acetylation, 
phosphorylation, succinylation, methylation, and 
addition of an enolpyruvate group. 

The method as claimed in one of claims 1 to 5, 
characterized in that said enzyme is an enzyme 
capable of performing a glycosylation, chosen from 
glycosyl-transf erases . 

The method as claimed in claim 6, characterized in 
that said enzyme is a glycosyl-transf erase chosen 
from P- 1 ,3-N-acetyl-glucosaminyl-transferase, p- 1 ,4- 
galactosyl- transferase, Vol- 1 ,3-galactosyl transferase Pa- 1 ,4- 
galactosyl- transferase, roc-2,3-sialyl-transferase, Pa- 1 ,3- 
fucosyl- transferase. 

The method as claimed in any one of claims 1 to 7, 
characterized in that said cell culturing is 
carried out on a carbon-based substrate. 

The method as claimed in claim 8, characterized in 
that said carbon-based substrate is chosen from 
glycerol and glucose . 

The method as claimed in one of claims 8 and 9, 
characterized in that said culturing is performed 
under conditions allowing the production of a 
culture with a high cell density. 



The method as claimed in claim 10, characterized 
in that said culturing step comprises: 

a) - a first phase of exponential cell growth 
ensured by said carbon-based substrate, 

b) - a second phase of cell growth limited by said 
carbon-based substrate which is added 
continuously, 

c) - a third phase of slowed cell growth obtained 
by continuously adding to the culture an amount of 
said substrate that is less than the amount of 
substrate added in step b) so as to increase the 
content of oligosaccharides produced in the high 
cell density culture. 

The method as claimed in claim 11, characterized 
in that the amount of substrate added continuously 
to the cell culture during said phase c) is at 
least 30% less, preferentially 50% and preferably 
60% less than the amount of substrate added 
continuously during said phase b) . 

The method as claimed in either of claims 11 and 
12 , characterized in that said precursor is added 
during phase b) . 

The method as claimed in one of claims 1 to 13, 
characterized in that said precursor is of 
carbohydrate nature, preferably of oligosaccharide 
nature . 



The method according to 
wherein said precursor is 
transport . 



one of claims 1 to 14 
internalized by passive 



The method as claimed in claim 15, characterized 
in that said precursor is a monosaccharide whose 
anomeric carbon is linked to an alkyl group so as 



to allow its internalization by a mechanism of 
passive transport . 



17. The method as claimed in claim 15, characterized 
in that said alkyl group is an allyl. 

18. The method as claimed in either of claims 15 and 
17, for the production of ( p-D-Gal- [ l->4 ] -(5-D- 
GlcNac-l->0-allyl ) , characterized in that 

• said cell is a bacterium of LacZ~ genotype; 

• said enzyme is (3-1 , 4-galactosyl-transf erase; 

• said substrate is glycerol; 

• said precursor is allyl-N-acetyl-(3-D- 

glucosaminide ( p-D-GlcNac-l->0-allyl ) . 

19. The method according to one of claims 1 a 14 
wherein said precursor is internalized according to 
active transport. 

20. The method as claimed in claim 19, 
characterized in that said precursor is lactose. 

21. The method according to claim 19 wherein said 

precursor is selected from 

• natural or synthetic (3-galactosides, such as 4-O-p-D- 

galactopyranosyl-D-fructofuranose (lactulose), 3-O-p-D- 
galacto-pyranosyl-D-arabinose, allyl-p-D-galactopyranoside ; 

• a-galactosides, such as melibiose, raffinose ; 

• saccharose. 

22. The method as claimed in claims 20 and 21, 
characterized in that said active transport of 
said precursor is performed by lactose permease. 

23. The method as claimed in any one of claims 1 to 

22. characterized in that said cell lacks any 
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enzymatic activity liable to degrade said 
precursor ( s ) . 

The method as claimed in claim 23, characterized 
in that said cell has a genotype chosen from LacZ' 

The method as claimed in any one of claims 1 to 
24, characterized in that it also comprises the 
addition of an inducer to said culture medium to 
induce the expression in said cell of said enzyme 
and/or of a protein involved in said active 
transport . 

The method as claimed in claim 25, characterized 
in that said inducer is isopropyl (3-D- 
thiogalactoside (IPTG) and said protein is lactose 
permease . 

The method as claimed in any one of claims 1 to 
26, for the production of the trisaccharide 4-0- 

[3-0- (2-acetamido-2-deoxy-p-D-glucopyranosyl ) - (3-D- 
galactopyranosyl ] -D-glucopyranose, (p-D-GlcNac- 

[l->3] -p-D-Gal - [1*>4] - D-Glc) , characterized in 
that : 

• said cell is a bacterium of LacZ~ , LacY* 
genotype; 

• said enzyme is (3-1 , 3-N-acetyl-glucosaminyl- 
transf erase ; 

• said substrate is glycerol; 

• said inducer is isopropyl (3-D-thiogalactoside 
(IPTG) ; 

• said precursor is lactose. 

The method as claimed in any one of claims 1 to 
26, for the production of analogs of lacto-N-neo- 
tetraose and of polylactosamines in which the 
glucose residue is replaced with an allyl group, 
characterized in that 



• said cell is a bacterium of LacZ~ , LacY* 
genotype; 

• said enzymes are (3-1 , 3-N-acetyl-glucosaminyl- 
transferase and (3-1, 4-galactosyl-transf erase; 

• said substrate is glucose ; 

• said inducer is isopropyl (3-D-thiogalactoside 
(IPTG) ; 

said precursor is allyl-(3-D-galactopyranoside . 

The method as claimed in any one of claims 1 to 
26, for the production of allyl 3-0- (2-acetamido- 
2-deoxy-(3-D-glucopyranosyl ) -(3-D-galactopyranoside , 
((5-D-GlcNac- [l->3] -p-D-Gal-l->0-allyl) , 
characterized in that: 

• said cell is a bacterium of LacZ~ , . LacY* 
genotype; 

said enzyme is (3-1 , 3-N-acetyl-glucosaminyl- 
transferase; 

• said substrate is glycerol; 

• said inducer is isopropyl (3-D-thiogalactoside 
(IPTG) ; 

• said precursor is allyl-(3-D-galactopyranoside . 

The method as claimed in any one of claims 1 to 
26, for the production of lacto-N-neo-tetraose and 
polyl act os amine ( lacto-N-neo-hexaose, lacto-N-neo- 
octaose, lacto-N-neo-decaose) , characterized in 
that : 

• said cell is a bacterium of LacZ' , LacY* 
genotype; 

• said enzymes are (3-1 , 3-N-acetyl-glucosaminyl- 
transferase and (3-1, 4-galactosyl-transf erase; 

• said substrate is glucose; 

• said inducer is isopropyl-(3-D-thiogalactoside 
(IPTG) ; 

• said precursor is lactose. 
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31. The method as claimed in claims 1 to 30, for 
producing an oligosaccharide labeled with at least 
5 one isotope, characterized in that said cell is 

cultured on said carbon-based substrate labeled 
with said isotope and/or in the presence of a said 
precursor labeled with said isotope. 

10 32. An oligosaccharide which may be obtained by the 
method as claimed in any one of claims 1 to 30. 

33. An oligosaccharide which may be obtained by the 
method as claimed in any one of claims 18, 21, 29 

15 et 30, characterized in that the double bond of 

the allyl group of said oligosaccharides is 
chemically modified by addition, oxidation or 
ozonolysis reactions to form activated 
oligosaccharides that may be used for the chemical 

20 synthesis of glycocon j ugates or glycopolymers . 

34. The oligosaccharide as claimed in claim 32 or 33, 
as a medicinal product. 

25 35. The oligosaccharide as claimed in claim 34, as a 
medicinal product intended to selectively prevent 
the adhesion of biological molecules. 

36. The oligosaccharide as claimed in claim 34, as a 
30 medicinal product intended for treating cancer, 

inflammation, heart diseases, diabetes, bacterial 
infections, viral infections and neurological 
diseases and grafts. 

35 37. A pharmaceutical composition, characterized in 
that it comprises an oligosaccharide as claimed in 
any one of claims 34 to 36 and a pharmaceutically 
acceptable vehicle. 
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38. The agricultural or agronomic use of an 

oligosaccharide as claimed in claim 32 , especially 

for the growth and defense of plants. 
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